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(54) OPTICAL SYSTEM FOR OPTICAL PICKUP, OPTICAL PICKUP DEVICE AND 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
system for an optical pickup, an optical pickup device 
and recording/ reproducing device which can effectively 
correct axial chromatic aberration caused by mode 
hopping or high-frequency superposing of a laser light 
source and which can also effectively compensate, 
through a simple structure, change in the oscillation 
wavelength of the laser light source, change in 
temperature and humidity, and fluctuation of spherical 
aberration caused by the thickness error of the 
protective layer of an optical information recording 
medium. 

SOLUTION: This optical pickup is equipped with a 
converging optical system including an objective lens 7 
and a coupling lens 2, which changes the divergence 
angle of divergent light emitted from a light source 1 
with a wavelength X of 500 nm or below to make the light 
enter an objective lens, while a diffraction face is 
possessed in at least two or more faces in the 
converging optical system. The optical pickup is also equipped with an element 5 for varying a 
refractive index profile, i.e., an element capable of compensating spherical aberrations or the like 
in each optical face by varying a refractive index profile, canceling and compensating the axial 
chromatic aberrations generated in other than the objective lens using longitudinal chromatic 
aberrations generated in the diffraction face. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Optical system for optical pickups characterized by changing the angle of divergence 
of the emission light to which outgoing radiation of the wavelength lambda was carried out from 
the light source 500nm or less, having the condensing optical system containing the coupling 
lens and objective lens for carrying out incidence to an objective lens, and having a diffraction 
side in the 2nd [ at least / or more ] page of said condensing optical system. 
[Claim 2] Optical pickup equipment characterized by changing the angle of divergence of the 
emission light to which outgoing radiation of the wavelength lambda was carried out from the 
light source 500nm or less, having the condensing optical system containing the coupling lens 
and objective lens for carrying out incidence to an objective lens, and having a diffraction side in 
the 2nd [ at least / or more ] page of said condensing optical system. 

[Claim 3] The objective lens which condenses the flux of light from the light source to the 
information recording surface of an optical information record medium, The coupling lens for 
changing the angle of divergence of the emission light by which outgoing radiation was carried 
out from said light source, and carrying out incidence to said objective lens, The refractive-index 
distribution adjustable component which can amend the spherical aberration produced in each 
optical surface by being arranged between said light sources and said objective lenses, and 
changing refractive-index distribution, Optical pickup equipment characterized by carrying out 
offset amendment of the axial overtone aberration which has a diffraction side in the 1st [ at 
least ] page of a preparation, said coupling lens, said refractive-index distribution adjustable 
component, and said objective lens, and is generated in optical elements other than said 
objective lens according to said axial overtone aberration which occurs in respect of diffraction. 
[Claim 4] Optical pickup equipment according to claim 3 characterized by the axial overtone 
aberration of said synthetic system filling a degree type when change of the focal location of the 
synthetic system of said coupling lens and said objective lens when +10nm of wavelength of said 
light source changes is set to deltafB (micrometer) and image side numerical aperture of said 
objective lens is set to NAobj. 

| deltafB and (NAobj) 2|<=2.5micrometer — [Claim 5] The light source and the color correction 
optical element by which axial overtone aberration was superfluously amended to wavelength 
shorter 10nm than the criteria wavelength of said light source, By being arranged between the 
objective lens which condenses the flux of light from said light source to the information 
recording surface of an optical information record medium, and said light source and said 
objective lens, and changing refractive-index distribution Optical pickup equipment with which it 
has the refractive-index distribution adjustable component which can amend the spherical 
aberration produced in each optical surface, and said color correction optical element is 
characterized by carrying out offset amendment of the axial overtone aberration generated with 
said objective lens and said refractive-index distribution adjustable component 
[Claim 6] The angle of divergence of the emission light to which outgoing radiation of said color 
correction optical element was carried out from said light source is changed. Are a coupling lens 
for carrying out incidence to an objective lens, and change of the focal location of the synthetic 
system of said coupling lens and said objective lens when +10nm of wavelength of said light 
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source changes is set to deltafB (micrometer). Optical pickup equipment according to claim 5 
characterized by the axial overtone aberration of said synthetic system filling a degree type 
when image side numerical aperture of said objective lens is set to NAobj. 

| deltafB and (NAobj) 2|<=2.5micrometer — [Claim 7] Optical pickup equipment given in claim 3 
characterized by changing refractive-index distribution when the ingredient of said refractive- 
index distribution adjustable component divides and impresses electric field, a magnetic field, or 
temperature to this liquid crystal on the zona orbicularis including liquid crystal thru/or any 1 
term of 6. 

[Claim 8] As for said refractive-index distribution adjustable component the laminating of a 
transparent electrode layer and the opto electronics material layer is carried out by turns. The 
transparence conductive layer by which the layer of the arbitration of said transparent electrode 
layers was divided on the zona orbicularis, and was divided in the shape of [ the ] zona 
orbicularis functions as two or more electrodes. Optical pickup equipment given in claim 3 
characterized by changing refractive-index distribution by controlling electrically the refractive 
index of said opto electronics material layer using said two or more electrodes thru/or any 1 
term of 6. 

[Claim 9] Optical pickup equipment according to claim 7 or 8 characterized by the Abbe number 
of said refractive-index distribution adjustable component satisfying a degree type. 
80>nud>10 — [Claim 10] Optical pickup equipment given in claim 7 to which said refractive- 
index distribution adjustable component is characterized by applying a constant voltage near the 
field at which an optical axis is crossed thru/or any 1 term of 9. 

[Claim 11] Optical pickup equipment according to claim 5 or 6 characterized by at least one field 
of said color correction optical element being the coupling lens which has diffraction structure. 
[Claim 12] Optical system for optical pickups according to claim 1 characterized by forming said 
coupling lens from plastic material. 

[Claim 13] Optical pickup equipment according to claim 2, 3, 4, or 1 1 characterized by forming 
said coupling lens from plastic material. 

[Claim 14] Said diffraction side is optical system for optical pickups according to claim 1 or 12 
characterized by being prepared in the field with which height h of a MAJINARU beam of light 
fills a degree type, when maximum of the height of a MAJINARU beam of light is set to hm. 
It is [Claim 15] 0.5 hm<h<=hm. Said diffraction side is optical pickup equipment according to 
claim 2, 3, 4, 1 1, or 13 characterized by being prepared in the field with which height h of a 
MAJINARU beam of light fills a degree type, when maximum of the height of a MAJINARU beam 
of light is set to hm. 

It is [Claim 16] 0.5 hm<h<=hm. Optical system for optical pickups according to claim 1, 12, or 14 
characterized by said objective lens consisting of one sheet 

[Claim 17] Optical pickup equipment given in claim 2 characterized by said objective lens 
consisting of one sheet thru/or any 1 term of 4, 10, 13, and 15. 

[Claim 18] Optical system for optical pickups according to claim 16 characterized by filling a 
degree type when thickness on the optical axis of said objective lens is set to d and a focal 
distance is set to f. 

0.98>NA>0.70.8Kd/f<3.0 — [Claim 19] Optical pickup equipment according to claim 17 
characterized by filling a degree type when thickness on the optical axis of said objective lens is 
set to d and a focal distance is set to f. 

0.98>NA>0.70.8Kd/f<3.0 — [Claim 20] Optical system for optical pickups according to claim 16 
or 18 characterized by said objective lens filling a degree type. 

0.02< sigmaphichro/phi obj<0.30 — here — sigmaphichro — the sum of the power of a 
diffraction lens side — it is — phiobj The power of an objective lens is shown. 
[Claim 21] Optical pickup equipment according to claim 17 or 19 characterized by said objective 
lens filling a degree type. 

0.02< sigmaphichro/phi obj<0.30 — here — sigmaphichro — the sum of the power of a 
diffraction lens side — it is — phiobj The power of an objective lens is shown. 
[Claim 22] Optical system for optical pickups according to claim 1 characterized by said 
objective lens consisting of two sheets. 
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[Claim 23] Optical pickup equipment given in claim 2 characterized by said objective lens 
consisting of two sheets thru/or any 1 term of 4, 11, 13, and 15. 

[Claim 24] Optical system for optical pickups according to claim 22 characterized by said 
objective lens filling a degree type. 

0.02< sigmaphichro/phi obj<0.25 — here, sigmaphichro is the sum of the power of a diffraction 
lens side, and phiobj shows the power of an objective lens. 

[Claim 25] Optical pickup equipment according to claim 23 characterized by said objective lens 
filling a degree type. 

0.02< sigmaphichro/phi obj<0.25 — here, sigmaphichro is the sum of the power of a diffraction 
lens side, and phiobj shows the power of an objective lens. 

[Claim 26] Optical pickup equipment according to claim 6 characterized by said coupling lens 
consisting of forward and a two negative lens. 

[Claim 27] Optical pickup equipment according to claim 26 characterized by the Abbe number of 
said coupling lens filling a degree type, respectively. 

nudP>40.0nudN<60.0, however Abbe-number nudN of d line of a nudP:positive lens: The Abbe 
number of d line of a negative lens [claim 28] Optical pickup equipment according to claim 26 or 
27 which said objective lens consists of one lens, and thickness on the optical axis of said lens is 
set to d, it sets a focal distance to f, and is characterized by filling a degree type. 
0.98>NA>0.70.8Kd/f<3.0 — [Claim 29] Optical pickup equipment according to claim 26 or 27 
characterized by said objective lens consisting of two lenses. 

[Claim 30] Claim 3 characterized by having further the optical-path division component which is 
arranged between said light source and said refractive-index distribution adjustable component, 
and carries out the monitor of the condition of the wave aberration in an image formation side 
11, 13, 15, 17, 19, 21, 23 and 25 thru/or optical pickup equipment given in any 1 term of 29. 
[Claim 31] The voice characterized by carrying the optical pickup equipment of a publication in 
any 1 term of claim 2 11, 13, 15, 17, 19, 21, 23 and 25 thru/or 30, the recording device of an 
image, voice, and/or the regenerative apparatus of an image. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical system for optical pickups for record 
of the information on an optical information record medium, and/or playback, optical pickup 
equipment, and the record and the regenerative apparatus containing this optical pickup 
equipment. 
[0002] 

[Description of the Prior Art] If short-wavelength-izing of a laser light source and high 
numerical-aperture-ization of an objective lens are attained, in the optical pickup equipment 
which consists of combination of a laser light source of long wavelength and an objective lens of 
a low numerical aperture which perform informational record or playback to the conventional 
optical disk like CD or DVD comparatively, being actualized more will be expected also on the 
almost disregarded problem. 

[0003] One of them is the problem of the axial overtone aberration produced in an objective lens 
by fluctuation of the very small oscillation wavelength of a laser light source. The refractive- 
index change by the very small wavelength variation of a common optical lens ingredient 
becomes so large that short wavelength is dealt with. Therefore, for time, the depth of focus of 
an objective lens is [ . to which the amount of defocusing of the focus produced by very small 
wavelength variation becomes large, and ] k-lambda. The depth of focus becomes small and few 
amounts of defocusing are not allowed, either, so that it may understand from being expressed 
with /NA2 (wavelength and NA being [ k ] the image side numerical aperture of an objective lens 
for a proportionality constant and lambda) and operating wavelength is short Therefore, in the 
optical system using the light source and the objective lens of high numerical aperture of short 
wavelength like purple-blue color semiconductor laser, in order to prevent degradation of the 
mode hop phenomenon of semiconductor laser, the wavelength variation by output change, and 
the wave aberration by RF superposition, amendment of axial overtone aberration becomes 
important 

[0004] Furthermore, another problem actualized in short-wavelength-izing of a laser light source 
and a raise in the numerical aperture of an objective lens is fluctuation of the spherical 
aberration of the optical system by temperature and humidity. That is, the plastic lens currently 
generally used in optical pickup equipment is easy to deform in response to temperature or 
humidity, and a refractive index changes a lot In the optical system used for conventional optical 
pickup equipment, fluctuation of the spherical aberration by refractive-index change it was so 
much changeless on a problem also serves as an amount which cannot be disregarded in short- 
wavelength-izing of a laser light source, and a raise in the numerical aperture of an objective 
lens. 

[0005] Furthermore, another problem actualized in short-wavelength-izing of a laser light source 
and a raise in the numerical aperture of an objective lens is fluctuation of the spherical 
aberration of the optical system resulting from the thickness error of the protective layer (it is 
also called a transparence substrate) of an optical disk. Generating the spherical aberration 
produced according to the thickness error of a protective layer in proportion to the 4th power of 
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the numerical aperture of an objective lens is known. Therefore, there is a possibility that the 
effect of the thickness error of a protective layer may become large, and record or playback of 
the stable information may become impossible as the numerical aperture of an objective lens 
becomes large. 

[0006] Moving mechanically spacing of the coupling lens and said objective lens for changing the 
angle of divergence of the emission light by which outgoing radiation was carried out from the 
light source as the technique of amending fluctuation of the spherical aberration generated in the 
above reasons, and carrying out incidence to an objective lens, amending spherical aberration, 
and connecting a spot on the information recording surface of an optical information record 
medium has been performed. 

[0007] However, it is disadvantageous for lightweight-izing of optical pickup equipment, and a 
cost cut to move the whole lens system or a part, and it is desirable that the above-mentioned 
spherical aberration etc. can be amended without moving a lens system. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the optical system for 
optical pickups, the optical pickup equipment, and the record and the regenerative apparatus 
which can amend effectively the axial overtone aberration which originates in the mode hop 
phenomenon of a laser light source, or RF superposition, and is generated with an objective lens. 
[0009] Moreover, it aims at offering optical pickup equipment, and record and a regenerative 
apparatus equipped with the refractive-index part good light variation study component which 
can amend effectively fluctuation of the spherical aberration which originates in the error of the 
thickness of the protective layer of oscillation wavelength change of a laser light source, 
temperature and humidity, and an optical information record medium etc., and is generated in 
each optical surface of optical pickup equipment with a simple configuration. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the optical 
system for optical pickups by this invention changes the angle of divergence of the emission light 
to which outgoing radiation of the wavelength lambda was carried out from the light source 
500nm or less, is equipped with the condensing optical system containing the coupling lens and 
objective lens for carrying out incidence to an objective lens, and is characterized by having a 
diffraction side in the 2nd [ at least / or more ] page of said condensing optical system. 
[001 1] According to this optical system for optical pickups, by changing the angle of divergence 
of the emission light to which outgoing radiation of the wavelength lambda was carried out from 
the light source 500nm or less, and having a diffraction side in the 2nd [ at least / or more ] 
page of the condensing optical system containing the coupling lens and objective lens for 
carrying out incidence to an objective lens, the diameter of a spot can be made small and axial 
overtone aberration can be amended good. 

[0012] Moreover, the 1st optical pickup equipment by this invention changes the angle of 
divergence of the emission light to which outgoing radiation of the wavelength lambda was 
carried out from the light source 500nm or less, is equipped with the condensing optical system 
containing the coupling lens and objective lens for carrying out incidence to an objective lens, 
and is characterized by having a diffraction side in the 2nd [ at least / or more ] page of said 
condensing optical system. 

[0013] According to this optical pickup equipment, by changing the angle of divergence of the 
emission light to which outgoing radiation of the wavelength lambda was carried out from the 
light source 500nm or less, and having a diffraction side in the 2nd [ at least / or more ] page of 
the condensing optical system containing the coupling lens and objective lens for carrying out 
incidence to an objective lens, the diameter of a spot can be made small and axial overtone 
aberration can be amended good. 

[0014] Moreover, the 2nd optical pickup equipment by this invention The objective lens which 
condenses the flux of light from the light source to the information recording surface of an 
optical information record medium, The coupling lens for changing the angle of divergence of the 
emission light by which outgoing radiation was carried out from said light source, and carrying 
out incidence to said objective lens, The refractive-index distribution adjustable component 
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which can amend the spherical aberration produced in each optical surface by being arranged 
between said light sources and said objective lenses, and changing refractive-index distribution, 
It has a diffraction side in the 1st [ at least ] page of a preparation, said coupling lens, said 
refractive-index distribution adjustable component, and said objective lens, and is characterized 
by carrying out offset amendment of the axial overtone aberration generated in optical elements 
other than said objective lens according to said axial overtone aberration which occurs in 
respect of diffraction. 

[0015] By changing refractive-index distribution with the refractive-index distribution adjustable 
component arranged between the coupling lens for according to this optical pickup equipment 
changing the angle of divergence of the emission light by which outgoing radiation was carried 
out from the light source, and carrying out incidence to an objective lens, and an objective lens 
Amendment can do spherical aberration produced in each optical surface, and the axial overtone 
aberration which was prepared in the 1st [ at least ] page of the equipment of a coupling lens, a 
refractive-index distribution adjustable component, and an objective lens and which is generated 
in optical elements other than a diffraction lens in respect of diffraction can be amended good. 
[0016] Moreover, in the 2nd optical pickup equipment, when change of the focal location of the 
synthetic system of said coupling lens and said objective lens when +10nm of wavelength of said 
light source changes is set to deltafB (micrometer) and image side numerical aperture of said 
objective lens is set to NAobj, it is desirable that the axial overtone aberration of said synthetic 
system fills a degree type (1). 
[0017] 

| deltafB and (NAobj) 2|<=2.5micrometer (1) 

[0018] Moreover, the 3rd optical pickup equipment by this invention The light source and the 
color correction optical element by which axial overtone aberration was superfluously amended 
to wavelength shorter 10nm than the criteria wavelength of said light source, By being arranged 
between the objective lens which condenses the flux of light from said light source to the 
information recording surface of an optical information record medium, and said light source and 
said objective lens, and changing refractive-index distribution It has the refractive-index 
distribution adjustable component which can amend the spherical aberration produced in each 
optical surface, and said color correction optical element is characterized by carrying out offset 
amendment of the axial overtone aberration generated with said objective lens and said 
refractive-index distribution adjustable component 

[0019] With this optical pickup equipment, the axial overtone aberration generated with the 
refractive-index distribution adjustable component which amends the wave aberration produced 
in each optical surface, and an objective lens can be offset by the color correction optical 
element 

[0020] Moreover, the angle of divergence of the emission light to which outgoing radiation of said 
color correction optical element was carried out from said light source in the 3rd optical pickup 
equipment is changed. Are a coupling lens for carrying out incidence to an objective lens, and 
change of the focal location of the synthetic system of said coupling lens and said objective lens 
when +10nm of wavelength of said light source changes is set to deltafB (micrometer). When 
image side numerical aperture of said objective lens is set to NAobj, it is desirable that the axial 
overtone aberration of said synthetic system fills a degree type (2). 
[0021] 

| deltafB and (NAobj) 2|<=2.5micrometer (2) 

[0022] Moreover, when the ingredient of said refractive-index distribution adjustable component 
divides and impresses electric field, a magnetic field, or temperature to this liquid crystal on the 
zona orbicularis including liquid crystal in the 2nd or 3rd optical pickup equipment it is desirable 
to change refractive-index distribution. Thus, by dividing and impressing electric field, a magnetic 
field, or temperature to the liquid crystal of the ingredient of a refractive-index distribution 
adjustable component on the zona orbicularis, refractive-index distribution almost symmetrical 
with a core can be formed to the optical axis of optical system, and aberration, such as spherical 
aberration generated except a refractive-index distribution adjustable component can be 
amended. 
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[0023] In the 2nd or 3rd optical pickup equipment moreover, said refractive-index distribution 
adjustable component The laminating of a transparent electrode layer and the opto electronics 
material layer is carried out by turns, and the layer of the arbitration of said transparent 
electrode layers is divided on the zona orbicularis. When the transparence conductive layer 
divided in the shape of [ the ] zona orbicularis functions as two or more electrodes and controls 
electrically the refractive index of said opto electronics material layer using said two or more 
electrodes, it is desirable to change refractive-index distribution. By changing refractive-index 
distribution by such control, refractive-index distribution almost symmetrical with a core can be 
formed to the optical axis of optical system, and aberration, such as spherical aberration 
generated except a refractive-index distribution adjustable component, can be amended. 
[0024] Moreover, the Abbe number of said refractive-index distribution adjustable component 
can amend the spherical aberration generated from other optical elements, such as an objective 
lens, good by satisfying a degree type (3). 
[0025] 80>nud> 10 (3) 

[0026] Moreover, by applying a constant voltage near the field at which said refractive-index 
distribution adjustable component crosses an optical axis, the distribution to which a refractive 
index becomes small, or its reverse distribution can be easily formed, so that a refractive-index 
distribution adjustable component approaches the field at which an optical axis is crossed. 
[0027] Moreover, when at least one field of said color correction optical element is the coupling 
lens which has diffraction structure, the offset amendment of the axial overtone aberration 
generated in other optical elements, such as an objective lens, can be carried out good. 
[0028] Moreover, diffraction structure and the aspheric surface can be added easily, and it can 
mass-produce by said coupling lens being formed from plastic material cheaply. 
[0029] Moreover, when maximum of the height of a MAJINARU beam of light is set to hm, as for 
said diffraction side, it is desirable to be prepared in the field with which height h of a MAJINARU 
beam of light fills a degree type (4). 
[0030] 

0.5 hm<h<=hm (4) 

[0031] By making it fill an above-mentioned formula (4), since the zona-orbicularis pitch in the 
MAJINARU beam-of-light height of a diffraction lens can be enlarged, decline in the efficiency 
for light utilization by the blaze configuration error can be suppressed. For example, when 
approximated by the light-gage lens model, the axial overtone aberration of optical system is 
expressed with the several 1 following formula. 
[0032] 
[Equation 1] 




Here, phij Q= 1, 2 and 3, — , alpha) is the refractive power of each thin lens, hj 0= 1. 2 and 3, — , 
alpha) is the height from the optical axis of the MAJINARU beam of light which passes along 
each thin lens, and nuj G- 1, 2 and 3, — , alpha) is the Abbe number of each lens. 
[0033] Here, a diffraction side is established in the k-th lens, and a part of the refractive power 
is given to a diffraction side. If the refractive power by diffraction is expressed as phid, the 
refractive power of the k-th lens will be permuted by phik=(phik-phid)+phid, and I make 
refractive-power phid according (phik-phid) to refraction into the refractive power by diffraction, 
and think that those lenses stick and it is arranged. At this time, the Abbe number of the part of 
(phik-phid) is set to nuk, and the Abbe number of phid writes nud as the Abbe number of a 
diffraction side. If this formula is substituted for several 1 above-mentioned formula and the 
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following achromatic condition is used, the several 2 following formula will be drawn. 

[0034] 

[Equation 2] 

" <bh 2 ( 1 i \ 

Therefore, refractive-power phid of a diffraction side required for achromatism can be expressed 
with the several 3 following formula. 
[0035] 
[Equation 3] 




Here, C in several 3 above-mentioned formula can be expressed with the several 4 following 
formula. 



[0036] 
[Equation 4] 




On the other hand, since the optical-path-difference function of a diffraction side is almost the 
2nd order because of achromatism, an optical-path-difference function can be expressed with 
the several 5 following formula when phid is used. 
[0037] 
[Equation 5] 

The zona-orbicularis pitch in the height hk of a MAJINARU beam of light when the shape of zona 
orbicularis blaze-izes this diffraction side at this time will serve as the several 6 following 
formula, if several 3 above-mentioned formula is used. 
[0038] 
[Equation 6] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



2005/02/16 



6/14 s<— f J 



r w*>-d*~ C 



dh 

This several 6 formula shows that the height of a MAJINARU beam of light, i.e., the zona- 
orbicularis pitch in the maximum circumference part of the effective diameter of each lens, is 
proportional to that beam-of-light height. Therefore, as for a zona-orbicularis pitch, the direction 
where MAJINARU beam-of-light quantity arranges a diffraction side to a high field becomes 
large. Decline in the diffraction efficiency by the blaze configuration error of each zona 
orbicularis occurs, so that a zona-orbicularis pitch is large, and it is a difficulty pile. 
[0039] Moreover, a cost cut and lightweight-izing of optical pickup equipment can be attained 
because said objective lens consists of one sheet 

[0040] Moreover, when thickness on the optical axis of said objective lens is set to d and a focal 
distance is set to f, it is desirable to fill a degree type (5) and (6). They are conditions for a 
formula (6) and NA to acquire a good image quantity property in a larger single ball lens than 
0.70. 
[0041] 

0.98>IMA>0.7 (5) 
0.81<d/f<3.0 (6) 

[0042] Moreover, when said objective lens fills a degree type (7), the axial overtone aberration of 

a synthetic system can be amended good. 

[0043] 

0.02< sigmaphichro/phi obj<0.30 (7) 

Here, sigmaphichro is the sum of the power of a diffraction lens side, and is phiobj. The power of 
an objective lens is shown. 

[0044] Moreover, the axial overtone aberration of a synthetic system can be amended good by 
said objective lens consisting of two sheets. 

[0045] The axial overtone aberration of a synthetic system can be amended good because said 

objective lens fills a degree type (8). 

[0046] 

0.02< sigmaphichro/phi obj<0.25 (8) 

Here, sigmaphichro is the sum of the power of a diffraction lens side, and phiobj shows the power 
of an objective lens. 

[0047] Moreover, the offset amendment of the axial overtone aberration generated by other 
optical elements, such as an objective lens, because said coupling lens consists of forward and a 
two negative lens can be carried out good. 

[0048] Moreover, if it is made for the Abbe number of said coupling lens to fill a degree type (9) 
and (10), respectively, the coupling lens of the still better engine performance can be obtained. 
[0049] nudP> 40.0 (9) 
[0050] nudN<60.0 (10) 

However, Abbe-number nudN of d line of a nudPipositive lens: The Abbe number of d line of a 
negative lens [0051] Moreover, it is desirable for said objective lens to consist of one lens, and 
to set thickness on the optical axis of said lens to d, it to set a focal distance to f, and to fill a 
degree type. Formulas (12) are conditions for NA to acquire a good image quantity property in a 
larger single ball lens than 0.70. 
[0052] 

0.98>NA>0.7 (11) 
0.81<d/f<3.0 (12) 

[0053] Moreover, the axial overtone aberration of a synthetic system can be amended good by 
said objective lens consisting of two lenses. 

[0054] Moreover, it is desirable to have further the optical-path division component which is 
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arranged between said light source and said refractive-index distribution adjustable component, 
and carries out the monitor of the condition of the wave aberration in an image formation side. 
When a monitor etc. carries out the condition of the wave aberration in an image formation side 
with an optical-path division component, a spot can be connected good on an information 
recording surface to change of the information recording surface cover layer thickness of for 
example, an optical information record medium by changing refractive-index distribution of a 
refractive-index distribution adjustable component from the information on the wave aberration 
of an image formation side. 

[0055] Moreover, the record and the regenerative apparatus by this invention carry above- 
mentioned optical pickup equipment, and performs playback of record of voice and/or an image, 
voice, and/or an image. 

[0056] Since according to this record and regenerative apparatus the axial overtone aberration 
which originates in the mode hop phenomenon of a laser light source or RF superposition, and is 
generated with an objective lens is amended effectively and fluctuation of the spherical 
aberration which originates in the error of the thickness of the protective layer of oscillation 
wavelength change of a laser light source, temperature and humidity, and an optical information 
record medium etc., and is generated in each optical surface can be amended effectively, record 
and playback can be performed stably and correctly. 
[0057] 

[Embodiment of the Invention] Hereafter, the gestalt of operation by this invention is explained 
using a drawing. Drawing 1 is drawing showing roughly the optical system for optical pickups by 
the gestalt of operation of this invention, and optical pickup equipment. 

[0058] With the optical pickup equipment (optical system for optical pickups) shown in drawin g 
1 , the flux of light from the laser light source 1 whose wavelength lambda is about 400nm 
passes the coupling lens 2, the prism pair 3, the deviation beam splitter 4, the refractive-index 
distribution adjustable component 5, and diaphragm 6, and is condensed by the information 
recording surface 9 through protective layer 9' of an optical information record medium with an 
objective lens 7. It is reflected by the deviation beam splitter 4 and the reflected light from the 
information recording surface 9 goes to the photodetector system 10, after passing an objective 
lens 7 and refractive-index distribution adjustable component 5 grade. An objective lens 7 is 
driven in the direction of focusing, and the direction of tracking with the biaxial actuator 8. 
[0059] Moreover, although the optical pickup equipment of drawing 1 is not illustrated, it detects 
fluctuation of the spherical aberration generated according to condensing optical system by 
detecting the reflected light from the information recording surface 9, and has a spherical- 
aberration detection means to generate a spherical-aberration error signal based on the 
detection result The refractive-index distribution adjustable component as a spherical- 
aberration amendment means is made to drive so that a spherical-aberration error signal may 
become zero. What is indicated by the application for patent No. 108378 [ 2001 to ] by the same 
applicant, for example as the spherical-aberration detection approach in such a spherical- 
aberration detection means and a spherical-aberration detection means can be used. In addition, 
an above-mentioned spherical-aberration detection means is arranged in the optical path 
between a spherical-aberration amendment means and the light source. 

[0060] Moreover, the refractive-index distribution adjustable component 5 is arranged between 
the coupling lens 2 and an objective lens 7, and amends fluctuation of the spherical aberration 
which originates in the error of the thickness of protective layer 9' of oscillation wavelength 
change of a laser light source 1, temperature and humidity, and an optical information record 
medium etc., and is generated in each optical surface. That is, when spherical aberration is 
changed in the condensing optical system of drawing 1 , fluctuation of this spherical aberration is 
detected by the photodetector system 10, and based on this detected spherical-aberration error 
signal, driving means 5a drives the refractive-index distribution adjustable component 5, and 
amends spherical aberration. 

[0061] Next, drawing 2 and drawing 3 explain the example of the refractive-index distribution 
adjustable component 5 of drawing 1 . 

[0062] The laminating of the refractive-index distribution adjustable components d and e from 
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which refractive-index distribution changes according to the electrical potential difference which 
it connects electrically, and the refractive-index adjustable component shown in drawing 2 is 
electrically insulated to the transparent electrode layers a, b, and c and the electrode layers a, b, 
and c optically, and is impressed from a driving means A is carried out by turns, they are formed, 
and the electrode layers a, b, and c are divided into the shape of zona orbicularis to two or more 
fields. 

[0063] With the refractive-index adjustable component of drawing 2 , the seal of approval of the 
electrical potential difference is carried out to the electrode layers a, b, and c of the shape of 
two or more zona orbicularis from a driving means A, and aberration, such as spherical aberration 
which can form refractive-index distribution almost symmetrical with a core to the optical axis of 
optical system by driving the refractive-index distribution adjustable components d and e, and is 
generated except a refractive-index distribution adjustable component, can be amended. 
[0064] The closure of the liquid crystal 1i is carried out by the seal members 1g and 1h, and the 
refractive-index adjustable component shown in drawing 3 is pinched among the transparence 
substrates 1a and 1b which formed the transparent electrode layers 1c and 1d. The orientation 
film 1e and 1f is formed inside the transparence substrates 1a and 1b, and the transparent 
electrode layers 1c and 1d are divided into plurality in the shape of zona orbicularis. By changing 
the refractive index of liquid crystal i from a driving means A in the shape of zona orbicularis 
according to the electrical potential difference by which a seal of approval is carried out, 
aberration, such as spherical aberration generated except a refractive-index distribution 
adjustable component, can be amended. 
[0065] 

[Example] Next, examples 1-4 explain this invention still more concretely. A list of the data 
about the coupling lens in each examples 1-4, an objective lens, and a synthetic system is shown 
in the next table 1. 
[0066] 
[Table 1] 
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[0067] Moreover, the wave aberration data amendment before by the refractive-index 
distribution component in each examples 1-4 and after amendment are shown in the next table 
2. 

[0068] 
[Table 2] 
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[0069] In addition, the aspheric surface in the lens of this example expresses [ height ] the 

radius of curvature of h and a refracting interface with the following several 7 for the direction of 

an optical axis, when setting the height of a direction perpendicular to the X-axis and an optical 

axis to r. However, let a circular-cone multiplier and A2i be aspheric surface multipliers for 

kappa. 

[0070] 

[Equation 7] 



x — 



l + )l-(l + K)/*7r 



2i 



[0071] Moreover, the following several 8 can express the diffraction side of the shape of zona 

orbicularis prepared in the lens of this example as optical-path-difference function phib. Here, h 

is height perpendicular to an optical axis, and b2i is the multiplier of an optical-path-difference 

function. 

[0072] 

[Equation 8] 



2i 



[0073] (Example 1) 

[0074] In drawing 1 , purple-blue color semiconductor laser with a wavelength of 405nm was 
used for the light source, and the objective lens of numerical aperture 0.85 was used by one 
group [ one ]. Axial overtone aberration was amended by forming a diffraction side in the light 
source side of an objective lens the light source side of an one one group coupling lens, 
respectively. Moreover, the aberration of a synthetic system was delicately amended by making 
the field by the side of the optical information record medium of a coupling lens, and both sides 
of an objective lens into the aspheric surface. Fluctuation of the spherical aberration resulting 
from the error of protection thickness, the wavelength variation of laser light source **, etc. was 
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amended with the refractive-index distribution adjustable component arranged between a 
coupling lens and an objective lens. The optical-path Fig. of an example 1 is shown in drawing 4 
Moreover, the lens data of an example 1 are shown in the next table 3. 
[0075] 
[Table 3] 
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[0076] (Example 2) 

[0077] Purple-blue color semiconductor laser with a wavelength of 405nm was used for the light 
source, and the lens of numerical aperture 0.85 was used with the two two groups configuration 
as an objective lens. By making both sides of the coupling lens of one group [ one ] into a 
diffraction side, the axial overtone aberration generated with an objective lens was amended. 
Fluctuation of the spherical aberration resulting from the error of protection thickness, the 
wavelength variation of laser light source **, etc. was amended with the refractive-index 
distribution adjustable component arranged between a coupling lens and an objective lens. The 
optical-path Fig. of an example 2 is shown in drawing 5 . Moreover, the lens data of an example 2 
are shown in the next table 4. 
[0078] 
[Table 4] 
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[0079] (Example 3) 

[0080] Purple-blue color semiconductor laser with a wavelength of 405nm was used for the light 
source, and the lens of numerical aperture 0.85 was used with the two two groups configuration 
as an objective lens. The coupling lens of a two two groups configuration consists of forward and 
a negative cemented lens, and amended the axial overtone aberration generated with an 
objective lens. Fluctuation of the spherical aberration resulting from the error of protection 
thickness, the wavelength variation of laser light source **, etc. was amended with the 
refractive-index distribution adjustable component arranged between a coupling lens and an 
objective lens. The optical-path Fig. of an example 3 is shown in drawing 6 . Moreover, the lens 
data of an example 3 are shown in the next table 5. 
[0081] 
[Table 5] 
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[0082] (Example 4) 

[0083] Purple-blue color semiconductor laser with a wavelength of 405nm was used for the light 
source, and the lens of numerical aperture 0.85 was used with the one one group configuration 
as an objective lens. By making both sides of the coupling lens of one group [ one ] into a 
diffraction side, the axial overtone aberration generated with an objective lens was amended. 
Fluctuation of the spherical aberration resulting from the error of protection thickness, the 
wavelength variation of laser light source **, etc. was amended with the refractive-index 
distribution adjustable component arranged between a coupling lens and an objective lens. The 
optical-path Fig. of an example 4 is shown in drawing 7 . Moreover, the lens data of an example 3 
are shown in the next table 6. 
[0084] 
[Table 6] 
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[0085] In addition, in an above-mentioned table or above-mentioned drawing, E (or e) may be 
used for the expression of the exponentiation of 10, for example, it may express like E-02 (= 10- 
2). 

[0086] 

[Effect of the Invention] According to this invention, the optical system for optical pickups, the 
optical pickup equipment, and the record and the regenerative apparatus which can amend 
effectively the axial overtone aberration which originates in the mode hop phenomenon of a laser 
light source or RF superposition, and is generated with an objective lens can be offered. 
[0087] Moreover, optical pickup equipment, and record and a regenerative apparatus equipped 
with the refractive-index part good light variation study component which can amend effectively 
fluctuation of the spherical aberration which originates in the error of the thickness of the 
protective layer of oscillation wavelength change of a laser light source, temperature and 
humidity, and an optical information record medium etc., and is generated in each optical surface 
of optical pickup equipment with a simple configuration can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL FIELD 



[Field of the Invention] This invention relates to the optical system for optical pickups for record 
of the information on an optical information record medium, and/or playback, optical pickup 
equipment, and the record and the regenerative apparatus containing this optical pickup 
equipment. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

PRIOR ART 



[Description of the Prior Art] If short-wavelength-izing of a laser light source and high 
numerical-aperture-ization of an objective lens are attained, in the optical pickup equipment 
which consists of combination of a laser light source of long wavelength and an objective lens of 
a low numerical aperture which perform informational record or playback to the conventional 
optical disk like CD or DVD comparatively, being actualized more will be expected also on the 
almost disregarded problem. 

[0003] One of them is the problem of the axial overtone aberration produced in an objective lens 
by fluctuation of the very small oscillation wavelength of a laser light source. The refractive- 
index change by the very small wavelength variation of a common optical lens ingredient 
becomes so large that short wavelength is dealt with. Therefore, for time, the depth of focus of 
an objective lens is [ . to which the amount of defocusing of the focus produced by very small 
wavelength variation becomes large, and ] k-lambda. The depth of focus becomes small and few 
amounts of defocusing are not allowed, either, so that it may understand from being expressed 
with /NA2 (wavelength and NA being [ k ] the image side numerical aperture of an objective lens 
for a proportionality constant and lambda) and operating wavelength is short Therefore, in the 
optical system using the light source and the objective lens of high numerical aperture of short 
wavelength like purple-blue color semiconductor laser, in order to prevent degradation of the 
mode hop phenomenon of semiconductor laser, the wavelength variation by output change, and 
the wave aberration by RF superposition, amendment of axial overtone aberration becomes 
important 

[0004] Furthermore, another problem actualized in short-wavelength-izing of a laser light source 
and a raise in the numerical aperture of an objective lens is fluctuation of the spherical 
aberration of the optical system by temperature and humidity. That is, the plastic lens currently 
generally used in optical pickup equipment is easy to deform in response to temperature or 
humidity, and a refractive index changes a lot In the optical system used for conventional optical 
pickup equipment, fluctuation of the spherical aberration by refractive-index change it was so 
much changeless on a problem also serves as an amount which cannot be disregarded in short- 
wavelength-izing of a laser light source, and a raise in the numerical aperture of an objective 
lens. 

[0005] Furthermore, another problem actualized in short-wavelength-izing of a laser light source 
and a raise in the numerical aperture of an objective lens is fluctuation of the spherical 
aberration of the optical system resulting from the thickness error of the protective layer (it is 
also called a transparence substrate) of an optical disk. Generating the spherical aberration 
produced according to the thickness error of a protective layer in proportion to the 4th power of 
the numerical aperture of an objective lens is known. Therefore, there is a possibility that the 
effect of the thickness error of a protective layer may become large, and record or playback of 
the stable information may become impossible as the numerical aperture of an objective lens 
becomes large. 

[0006] Moving mechanically spacing of the coupling lens and said objective lens for changing the 
angle of divergence of the emission light by which outgoing radiation was carried out from the 
light source as the technique of amending fluctuation of the spherical aberration generated in the 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/02/16 



2/2 ^— v 



above reasons, and carrying out incidence to an objective lens, amending spherical aberration, 
and connecting a spot on the information recording surface of an optical information record 
medium has been performed. 

[0007] However, it is disadvantageous for lightweightHzing of optical pickup equipment, and a 
cost cut to move the whole lens system or a part, and it is desirable that the above-mentioned 
spherical aberration etc. can be amended without moving a lens system. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, the optical system for optical pickups, the 
optical pickup equipment, and the record and the regenerative apparatus which can amend 
effectively the axial overtone aberration which originates in the mode hop phenomenon of a laser 
light source or RF superposition, and is generated with an objective lens can be offered. 
[0087] Moreover, optical pickup equipment, and record and a regenerative apparatus equipped 
with the refractive-index part good light variation study component which can amend effectively 
fluctuation of the spherical aberration which originates in the error of the thickness of the 
protective layer of oscillation wavelength change of a laser light source, temperature and 
humidity, and an optical information record medium etc., and is generated in each optical surface 
of optical pickup equipment with a simple configuration can be offered. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention aims at offering the optical system for 
optical pickups, the optical pickup equipment, and the record and the regenerative apparatus 
which can amend effectively the axial overtone aberration which originates in the mode hop 
phenomenon of a laser light source, or RF superposition, and is generated with an objective lens. 
[0009] Moreover, it aims at offering optical pickup equipment, and record and a regenerative 
apparatus equipped with the refractive-index part good light variation study component which 
can amend effectively fluctuation of the spherical aberration which originates in the error of the 
thickness of the protective layer of oscillation wavelength change of a laser light source, 
temperature and humidity, and an optical information record medium etc., and is generated in 
each optical surface of optical pickup equipment with a simple configuration. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, the optical 
system for optical pickups by this invention changes the angle of divergence of the emission light 
to which outgoing radiation of the wavelength lambda was carried out from the light source 
500nm or less, is equipped with the condensing optical system containing the coupling lens and 
objective lens for carrying out incidence to an objective lens, and is characterized by having a 
diffraction side in the 2nd [ at least / or more ] page of said condensing optical system. 
[001 1] According to this optical system for optical pickups, by changing the angle of divergence 
of the emission light to which outgoing radiation of the wavelength lambda was carried out from 
the light source 500nm or less, and having a diffraction side in the 2nd [ at least / or more ] 
page of the condensing optical system containing the coupling lens and objective lens for 
carrying out incidence to an objective lens, the diameter of a spot can be made small and axial 
overtone aberration can be amended good. 

[0012] Moreover, the 1st optical pickup equipment by this invention changes the angle of 
divergence of the emission light to which outgoing radiation of the wavelength lambda was 
carried out from the light source 500nm or less, is equipped with the condensing optical system 
containing the coupling lens and objective lens for carrying out incidence to an objective lens, 
and is characterized by having a diffraction side in the 2nd [ at least / or more ] page of said 
condensing optical system. 

[0013] According to this optical pickup equipment, by changing the angle of divergence of the 
emission light to which outgoing radiation of the wavelength lambda was carried out from the 
light source 500nm or less, and having a diffraction side in the 2nd [ at least / or more ] page of 
the condensing optical system containing the coupling lens and objective lens for carrying out 
incidence to an objective lens, the diameter of a spot can be made small and axial overtone 
aberration can be amended good. 

[0014] Moreover, the 2nd optical pickup equipment by this invention The objective lens which 
condenses the flux of light from the light source to the information recording surface of an 
optical information record medium, The coupling lens for changing the angle of divergence of the 
emission light by which outgoing radiation was carried out from said light source, and carrying 
out incidence to said objective lens, The refractive-index distribution adjustable component 
which can amend the spherical aberration produced in each optical surface by being arranged 
between said light sources and said objective lenses, and changing refractive-index distribution, 
It has a diffraction side in the 1st [ at least ] page of a preparation, said coupling lens, said 
refractive-index distribution adjustable component, and said objective lens, and is characterized 
by carrying out offset amendment of the axial overtone aberration generated in optical elements 
other than said objective lens according to said axial overtone aberration which occurs in 
respect of diffraction. 

[0015] By changing refractive-index distribution with the refractive-index distribution adjustable 
component arranged between the coupling lens for according to this optical pickup equipment 
changing the angle of divergence of the emission light by which outgoing radiation was carried 
out from the light source, and carrying out incidence to an objective lens, and an objective lens 
Amendment can do spherical aberration produced in each optical surface, and the axial overtone 
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aberration which was prepared in the 1st [ at least ] page of the equipment of a coupling lens, a 
refractive-index distribution adjustable component, and an objective lens and which is generated 
in optical elements other than a diffraction lens in respect of diffraction can be amended good. 
[0016] Moreover, in the 2nd optical pickup equipment, when change of the focal location of the 
synthetic system of said coupling lens and said objective lens when +10nm of wavelength of said 
light source changes is set to deltafB (micrometer) and image side numerical aperture of said 
objective lens is set to NAobj, it is desirable that the axial overtone aberration of said synthetic 
system fills a degree type (1). 
[0017] 

| deltafB and (NAobj) 2|<=2.5micrometer (1) 

[0018] Moreover, the 3rd optical pickup equipment by this invention The light source and the 
color correction optical element by which axial overtone aberration was superfluously amended 
to wavelength shorter 10nm than the criteria wavelength of said light source, By being arranged 
between the objective lens which condenses the flux of light from said light source to the 
information recording surface of an optical information record medium, and said light source and 
said objective lens, and changing refractive-index distribution It has the refractive-index 
distribution adjustable component which can amend the spherical aberration produced in each 
optical surface, and said color correction optical element is characterized by carrying out offset 
amendment of the axial overtone aberration generated with said objective lens and said 
refractive-index distribution adjustable component 

[0019] With this optical pickup equipment, the axial overtone aberration generated with the 
refractive-index distribution adjustable component which amends the wave aberration produced 
in each optical surface, and an objective lens can be offset by the color correction optical 
element 

[0020] Moreover, the angle of divergence of the emission light to which outgoing radiation of said 
color correction optical element was carried out from said light source in the 3rd optical pickup 
equipment is changed. Are a coupling lens for carrying out incidence to an objective lens, and 
change of the focal location of the synthetic system of said coupling lens and said objective lens 
when +10nm of wavelength of said light source changes is set to deltafB (micrometer). When 
image side numerical aperture of said objective lens is set to NAobj, it is desirable that the axial 
overtone aberration of said synthetic system fills a degree type (2). 
[0021] 

| deltafB and (NAobj) 2|<=2.5micrometer (2) 

[0022] Moreover, when the ingredient of said refractive-index distribution adjustable component 
divides and impresses electric field, a magnetic field, or temperature to this liquid crystal on the 
zona orbicularis including liquid crystal in the 2nd or 3rd optical pickup equipment it is desirable 
to change refractive-index distribution. Thus, by dividing and impressing electric field, a magnetic 
field, or temperature to the liquid crystal of the ingredient of a refractive-index distribution 
adjustable component on the zona orbicularis, refractive-index distribution almost symmetrical 
with a core can be formed to the optical axis of optical system, and aberration, such as spherical 
aberration generated except a refractive-index distribution adjustable component can be 
amended. 

[0023] In the 2nd or 3rd optical pickup equipment moreover, said refractive-index distribution 
adjustable component The laminating of a transparent electrode layer and the opto electronics 
material layer is carried out by turns, and the layer of the arbitration of said transparent 
electrode layers is divided on the zona orbicularis. When the transparence conductive layer 
divided in the shape of [ the ] zona orbicularis functions as two or more electrodes and controls 
electrically the refractive index of said opto electronics material layer using said two or more 
electrodes, it is desirable to change refractive-index distribution. By changing refractive-index 
distribution by such control, refractive-index distribution almost symmetrical with a core can be 
formed to the optical axis of optical system, and aberration, such as spherical aberration 
generated except a refractive-index distribution adjustable component can be amended. 
[0024] Moreover, the Abbe number of said refractive-index distribution adjustable component 
can amend the spherical aberration generated from other optical elements, such as an objective 
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lens, good by satisfying a degree type (3). 
[0025] 80>nud> 10 (3) 

[0026] Moreover, by applying a constant voltage near the field at which said refractive-index 
distribution adjustable component crosses an optical axis, the distribution to which a refractive 
index becomes small, or its reverse distribution can be easily formed, so that a refractive-index 
distribution adjustable component approaches the field at which an optical axis is crossed. 
[0027] Moreover, when at least one field of said color correction optical element is the coupling 
lens which has diffraction structure, the offset amendment of the axial overtone aberration 
generated in other optical elements, such as an objective lens, can be carried out good. 
[0028] Moreover, diffraction structure and the aspheric surface can be added easily, and it can 
mass-produce by said coupling lens being formed from plastic material cheaply. 
[0029] Moreover, when maximum of the height of a MAJINARU beam of light is set to hm, as for 
said diffraction side, it is desirable to be prepared in the field with which height h of a MAJINARU 
beam of light fills a degree type (4). 
[0030] 

0.5 hm<h<=hm (4) 

[0031] By making it fill an above-mentioned formula (4), since the zona-orbicularis pitch in the 
MAJINARU beam-ofHight height of a diffraction lens can be enlarged, decline in the efficiency 
for light utilization by the blaze configuration error can be suppressed. For example, when 
approximated by the light-gage lens model, the axial overtone aberration of optical system is 
expressed with the several 1 following formula. 
[0032] 
[Equation 1] 



6 



t 




Here, phij (j= 1, 2 and 3, — , alpha) is the refractive power of each thin lens, hj (j = 1. 2 and 3, — , 
alpha) is the height from the optical axis of the MAJINARU beam of light which passes along 
each thin lens, and nuj Q= 1, 2 and 3, — , alpha) is the Abbe number of each lens. 
[0033] Here, a diffraction side is established in the k-th lens, and a part of the refractive power 
is given to a diffraction side. If the refractive power by diffraction is expressed as phid, the 
refractive power of the k-th lens will be permuted by phik=(phik-phid)+phid, and I make 
refractive-power phid according (phik-phid) to refraction into the refractive power by diffraction, 
and think that those lenses stick and it is arranged. At this time, the Abbe number of the part of 
(phik-phid) is set to nuk, and the Abbe number of phid writes nud as the Abbe number of a 
diffraction side. If this formula is substituted for several 1 above-mentioned formula and the 
following achromatic condition is used, the several 2 following formula will be drawn. 
[0034] 
[Equation 2] 
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Therefore, refractive-power phid of a diffraction side required for achromatism can be expressed 
with the several 3 following formula. 
[0035] 
[Equation 3] 



Here, C in several 3 above-mentioned formula can be expressed with the several 4 following 

formula. 

[0036] 

[Equation 4] 



On the other hand, since the optical— path— difference function of a diffraction side is almost the 
2nd order because of achromatism, an optical-path-difference function can be expressed with 
the several 5 following formula when phid is used. 



The zona-orbicularis pitch in the height hk of a MAJINARU beam of light when the shape of zona 
orbicularis blaze-izes this diffraction side at this time will serve as the several 6 following 
formula, if several 3 above-mentioned formula is used. 
[0038] 
[Equation 6] 



This several 6 formula shows that the height of a MAJINARU beam of light, i.e., the zona- 
orbicularis pitch in the maximum circumference part of the effective diameter of each lens, is 
proportional to that beam-of-light height. Therefore, as for a zona-orbicularis pitch, the direction 
where MAJINARU beam-of-light quantity arranges a diffraction side to a high field becomes 
large. Decline in the diffraction efficiency by the blaze configuration error of each zona 
orbicularis occurs, so that a zona-orbicularis pitch is large, and it is a difficulty pile. 
[0039] Moreover, a cost cut and lightweight-izing of optical pickup equipment can be attained 






[0037] 
[Equation 5] 
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because said objective lens consists of one sheet 

[0040] Moreover, when thickness on the optical axis of said objective lens is set to d and a focal 
distance is set to f t it is desirable to fill a degree type (5) and (6). They are conditions for a 
formula (6) and NA to acquire a good image quantity property in a larger single ball lens than 
0.70. 
[0041] 

0.98>NA>0.7 (5) 
0.81<d/f<3.0 (6) 

[0042] Moreover, when said objective lens fills a degree type (7), the axial overtone aberration of 

a synthetic system can be amended good. 

[0043] 

0.02< sigmaphichro/phi obj<0.30 (7) 

Here, sigmaphichro is the sum of the power of a diffraction lens side, and is phiobj. The power of 
an objective lens is shown. 

[0044] Moreover, the axial overtone aberration of a synthetic system can be amended good by 
said objective lens consisting of two sheets. 

[0045] The axial overtone aberration of a synthetic system can be amended good because said 

objective lens fills a degree type (8). 

[0046] 

0.02< sigmaphichro/phi obj<0.25 (8) 

Here, sigmaphichro is the sum of the power of a diffraction lens side, and phiobj shows the power 
of an objective lens. 

[0047] Moreover, the offset amendment of the axial overtone aberration generated by other 
optical elements, such as an objective lens, because said coupling lens consists of forward and a 
two negative lens can be carried out good. 

[0048] Moreover, if it is made for the Abbe number of said coupling lens to fill a degree type (9) 
and (10), respectively, the coupling lens of the still better engine performance can be obtained. 
[0049] nudP> 40.0 (9) 
[0050] nudN<60.0 (10) 

However, Abbe-number nudN of d line of a nudPipositive lens: The Abbe number of d line of a 
negative lens [0051] Moreover, it is desirable for said objective lens to consist of one lens, and 
to set thickness on the optical axis of said lens to d, it to set a focal distance to f, and to fill a 
degree type. Formulas (12) are conditions for NA to acquire a good image quantity property in a 
larger single ball lens than 0.70. 
[0052] 

0.98>NA>0.7 (11) 
0.81<d/f<3.0 (12) 

[0053] Moreover, the axial overtone aberration of a synthetic system can be amended good by 
said objective lens consisting of two lenses. 

[0054] Moreover, it is desirable to have further the optical-path division component which is 
arranged between said light source and said refractive-index distribution adjustable component, 
and carries out the monitor of the condition of the wave aberration in an image formation side. 
When a monitor etc. carries out the condition of the wave aberration in an image formation side 
with an optical-path division component, a spot can be connected good on an information 
recording surface to change of the information recording surface cover layer thickness of for 
example, an optical information record medium by changing refractive-index distribution of a 
refractive-index distribution adjustable component from the information on the wave aberration 
of an image formation side. 

[0055] Moreover, the record and the regenerative apparatus by this invention carry above- 
mentioned optical pickup equipment, and performs playback of record of voice and/or an image, 
voice, and/or an image. 

[0056] Since according to this record and regenerative apparatus the axial overtone aberration 
which originates in the mode hop phenomenon of a laser light source or RF superposition, and is 
generated with an objective lens is amended effectively and fluctuation of the spherical 
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aberration which originates in the error of the thickness of the protective layer of oscillation 
wavelength change of a laser light source, temperature and humidity, and an optical information 
record medium etc., and is generated in each optical surface can be amended effectively, record 
and playback can be performed stably and correctly. 
[0057] 

[Embodiment of the Invention] Hereafter, the gestalt of operation by this invention is explained 
using a drawing. Drawing 1 is drawing showing roughly the optical system for optical pickups by 
the gestalt of operation of this invention, and optical pickup equipment. 

[0058] With the optical pickup equipment (optical system for optical pickups) shown in drawing 
1 , the flux of light from the laser light source 1 whose wavelength lambda is about 400nm 
passes the coupling lens 2, the prism pair 3, the deviation beam splitter 4, the refractive-index 
distribution adjustable component 5, and diaphragm 6, and is condensed by the information 
recording surface 9 through protective layer 9' of an optical information record medium with an 
objective lens 7. It is reflected by the deviation beam splitter 4 and the reflected light from the 
information recording surface 9 goes to the photodetector system 10, after passing an objective 
lens 7 and refractive-index distribution adjustable component 5 grade. An objective lens 7 is 
driven in the direction of focusing, and the direction of tracking with the biaxial actuator 8. 
[0059] Moreover, although the optical pickup equipment of drawing 1 is not illustrated, it detects 
fluctuation of the spherical aberration generated according to condensing optical system by 
detecting the reflected light from the information recording surface 9, and has a spherical- 
aberration detection means to generate a spherical-aberration error signal based on the 
detection result. The refractive-index distribution adjustable component as a spherical- 
aberration amendment means is made to drive so that a spherical-aberration error signal may 
become zero. What is indicated by the application for patent No. 108378 [ 2001 to ] by the same 
applicant, for example as the spherical-aberration detection approach in such a spherical- 
aberration detection means and a spherical-aberration detection means can be used. In addition, 
an above-mentioned spherical-aberration detection means is arranged in the optical path 
between a spherical-aberration amendment means and the light source. 

[0060] Moreover, the refractive-index distribution adjustable component 5 is arranged between 
the coupling lens 2 and an objective lens 7, and amends fluctuation of the spherical aberration 
which originates in the error of the thickness of protective layer 9' of oscillation wavelength 
change of a laser light source 1, temperature and humidity, and an optical information record 
medium etc., and is generated in each optical surface. That is, when spherical aberration is 
changed in the condensing optical system of drawing 1 , fluctuation of this spherical aberration is 
detected by the photodetector system 10, and based on this detected spherical-aberration error 
signal, driving means 5a drives the refractive-index distribution adjustable component 5, and 
amends spherical aberration. 

[0061] Next, drawing 2 and drawin g 3 explain the example of the refractive-index distribution 
adjustable component 5 of drawing 1 . 

[0062] The laminating of the refractive-index distribution adjustable components d and e from 
which refractive-index distribution changes according to the electrical potential difference which 
it connects electrically, and the refractive-index adjustable component shown in drawing 2 is 
electrically insulated to the transparent electrode layers a, b, and c and the electrode layers a, b, 
and c optically, and is impressed from a driving means A is carried out by turns, they are formed, 
and the electrode layers a, b, and c are divided into the shape of zona orbicularis to two or more 
fields. 

[0063] With the refractive-index adjustable component of drawin g 2 , the seal of approval of the 
electrical potential difference is carried out to the electrode layers a, b, and c of the shape of 
two or more zona orbicularis from a driving means A, and aberration, such as spherical aberration 
which can form refractive-index distribution almost symmetrical with a core to the optical axis of 
optical system by driving the refractive-index distribution adjustable components d and e, and is 
generated except a refractive-index distribution adjustable component, can be amended. 
[0064] The closure of the liquid crystal 1i is carried out by the seal members 1g and 1h, and the 
refractive-index adjustable component shown in drawing 3 is pinched among the transparence 
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substrates 1a and 1b which formed the transparent electrode layers 1c and 1d. The orientation 
film 1e and 1f is formed inside the transparence substrates 1a and 1b, and the transparent 
electrode layers 1c and 1d are divided into plurality in the shape of zona orbicularis. By changing 
the refractive index of liquid crystal i from a driving means A in the shape of zona orbicularis 
according to the electrical potential difference by which a seal of approval is carried out, 
aberration, such as spherical aberration generated except a refractive-index distribution 
adjustable component, can be amended. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing roughly the optical system for optical pickups by the gestalt of 
operation of this invention, and optical pickup equipment 

[Drawing 2] It is drawing showing the refractive-index adjustable component as an example of 
the refractive-index distribution adjustable component of drawing 1 . 

[Drawing 3] It is drawing showing the refractive-index adjustable component as another example 

of the refractive-index distribution adjustable component of drawing 1 . 

[Drawing 4] It is an optical-path Fig. about an example 1. 

[Drawing 5] It is an optical-path Fig. about an example 2. 

[Drawing 6] It is an optical-path Fig. about an example 3. 

[Drawing 7] It is an optical-path Fig. about an example 4. 

[Description of Notations] 

1 Laser Light Source 

2 Coupling Lens 

5 Refractive-Index Distribution Adjustable Component 
7 Objective Lens 

9 Information Recording Surface of Optical Information Record Medium 
9' Protective layer of an optical information record medium 

10 Photodetector System 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Next, examples 1-4 explain this invention still more concretely. A list of the data 
about the coupling lens in each examples 1-4, an objective lens, and a synthetic system is shown 
in the next table 1. 
[0066] 
[Table 1] 
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[0067] Moreover, the wave aberration data amendment before by the refractive-index 
distribution component in each examples 1-4 and after amendment are shown in the next table 
2. 

[0068] 
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[Table 2] 
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[0069] In addition, the aspheric surface in the lens of this example expresses [ height ] the 

radius of curvature of h and a refracting interface with the following several 7 for the direction of 

an optical axis, when setting the height of a direction perpendicular to the X-axis and an optical 

axis to r. However, let a circular-cone multiplier and A2i be aspheric surface multipliers for 

kappa. 

[0070] 

[Equation 7] 



x = 



A 2i h 



2i 



[0071] Moreover, the following several 8 can express the diffraction side of the shape of zona 

orbicularis prepared in the lens of this example as optical-path-difference function phib. Here, h 

is height perpendicular to an optical axis, and b2i is the multiplier of an optical-path-difference 

function. 

[0072] 

[Equation 8] 



2i 



=1 



[0073] (Example 1) 

[0074] In drawing 1 , purple-blue color semiconductor laser with a wavelength of 405nm was 
used for the light source, and the objective lens of numerical aperture 0.85 was used by one 
group [ one ]. Axial overtone aberration was amended by forming a diffraction side in the light 
source side of an objective lens the light source side of an one one group coupling lens, 
respectively. Moreover, the aberration of a synthetic system was delicately amended by making 
the field by the side of the optical information record medium of a coupling lens, and both sides 
of an objective lens into the aspheric surface. Fluctuation of the spherical aberration resulting 
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from the error of protection thickness, the wavelength variation of laser light source **, etc. was 
amended with the refractive-index distribution adjustable component arranged between a 
coupling lens and an objective lens. The optical-path Fig. of an example 1 is shown in drawing 4 . 
Moreover, the lens data of an example 1 are shown in the next table 3. 
[0075] 
[Table 3] 
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[0076] (Example 2) 

[0077] Purple-blue color semiconductor laser with a wavelength of 405nm was used for the light 
source, and the lens of numerical aperture 0.85 was used with the two two groups configuration 
as an objective lens. By making both sides of the coupling lens of one group [ one ] into a 
diffraction side, the axial overtone aberration generated with an objective lens was amended. 
Fluctuation of the spherical aberration resulting from the error of protection thickness, the 
wavelength variation of laser light source **, etc. was amended with the refractive-index 
distribution adjustable component arranged between a coupling lens and an objective lens. The 
optical-path Fig. of an example 2 is shown in drawing 5 . Moreover, the lens data of an example 2 
are shown in the next table 4. 
[0078] 
[Table 4] 
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[0079] (Example 3) 

[0080] Purple-blue color semiconductor laser with a wavelength of 405nm was used for the light 
source, and the lens of numerical aperture 0.85 was used with the two two groups configuration 
as an objective lens. The coupling lens of a two two groups configuration consists of forward and 
a negative cemented lens, and amended the axial overtone aberration generated with an 
objective lens. Fluctuation of the spherical aberration resulting from the error of protection 
thickness, the wavelength variation of laser light source **, etc. was amended with the 
refractive-index distribution adjustable component arranged between a coupling lens and an 
objective lens. The optical-path Fig. of an example 3 is shown in drawing 6 . Moreover, the lens 
data of an example 3 are shown in the next table 5. 
[0081] 
[Table 5] 
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[0082] (Example 4) 

[0083] Purple-blue color semiconductor laser with a wavelength of 405nm was used for the light 
source, and the lens of numerical aperture 0.85 was used with the one one group configuration 
as an objective lens. By making both sides of the coupling lens of one group [ one ] into a 
diffraction side, the axial overtone aberration generated with an objective lens was amended. 
Fluctuation of the spherical aberration resulting from the error of protection thickness, the 
wavelength variation of laser light source **, etc. was amended with the refractive-index 
distribution adjustable component arranged between a coupling lens and an objective lens. The 
optical-path Fig. of an example 4 is shown in drawing 7 . Moreover, the lens data of an example 3 
are shown in the next table 6. 
[0084] 
[Table 6] 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tranjweb_cgi_ejje 



2005/02/16 



6/6 ^— v 



mm 





r(mm) 


d(mm) 


Na 


U6 




0 


mm 




17.900 








1 




-15.542 


1.200 


1.525 


56.5 


















2 




1 O 01 Q 

-lo.o Jd 


9. 000 








3 




oo 


2.000 


1.53 


64.1 




4 




oo 


1.000 


1.53 


64.1 




5 




oo 


0.800 


1.53 


* 




6 




oo 


1.000 


1.53 


64.1 




7 




OG 


6.355 




8 


ISO 


OO 


0.000 








9 




1.194 


2.650 


1.525 


56.5 




10 


>x 


-0.975 


0.355 








11 




CO 


0.100 


1.619 


30.0 




12 




oo 




























-6.8335E-01 




S10W 


K 


-2 1704E+01 




Ai 


1 . 6203E-02 






A4 


3 0802E-01 




As 


1.5491E-03 






Ad 


-6 3950E-O1 




As 


2.8929E-03 






A8 


5.8536E-01 




A10 


-3.6771E-04 






Aio 


-2.1562E-01 




Al2 


-3.5822E-04 






A12 


-2.5227E-04 




A14 


1 .4842E-04 












A16 


1.1960E-04 












A18 


-3.0230E-05 














-1.1052E-Q5 






















mm\b2 


-1.4664E-02 




312® 


b2 


-1.4839E-02 




b4 


-6.3363E-05 






b4 


2.7506E-05 



[0085] In addition, in an above-mentioned table or above-mentioned drawing, E (or e) may be 
used for the expression of the exponentiation of 10, for example, it may express like E-02 (= 10- 
2). 



[Translation done.] 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tran,web.cgLejje 



2005/02/16 



• f. 1 I 



1/4 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
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